Chapter 43

I.  Nonspecific Defenses

A.  Skin/Mucous Mem

1.  skin

a.  tight junctions prevent penetration

b.  sweat glands cause acidic pH (1-3) of skin; inhibits microbes

c.  washed by tears, saliva, etc

d.  lysozyme present in tears, saliva destroy bac

e.  competitive inhibition by other microbes on skin

2.  mucous mem

a.  traps microbes

b.  cilia sweeps microbes

c.  destroyed by gastric juices

B.  Phagocytic Cells-if breach 1st line of defense

1.  neutrophils-most abundant wbc

2.  monocytes-dev into macrophages-largest phagocytes

a.  microbe engulfed in phagolysosome

1)  gen toxic forms of O2 

2)  enzymes digest microbes (some bac still survive)

3)  fixed macrophages-stay in 1 part of body

4)  migrating macrophages-migrate thru body

3.  eosinophils-defend against lage parasitic worm; weakly phagocytic

4.  natural killer (NK) cells-destroy virus and cancer infected cells; cause lysis, not phagocytosis

5.  inflammatory response

a.  caused by damage to tissue or microbe invasion

b.  precap arterioles dilate; post cap venules constrict; inc blood supply

c.  permeability inc; causes fluids to leak into tissues

d.  chem such as histamine released from basophils and mast cells, trigger dilation and inc permeability; allows movement of leukocytes and clotting factors

e.  chemotactic factors and chemokines attract phagocytes; neutrophils, followed by macrophages

f.  pus-dead cells, debris, fluid, absorbed by body in a few days

6.  fever-inc body temp

a.  leukocytes may prod pyrogens which set thermostat (hypothalamus) higher

b.  facilitates cooking effect, inc metab rate, repair, phagocytosis

7.  septic shock-high fever, low bp

8.  antimicrobial proteins

a.  complement-series of cascading steps

b.  interferons-secreted by virus infected cells; protects neighboring cells; not virus specific

II.  How Specific Immunity Arises

A.  Lymphocytes- B and T cells

1.antigen-foreign molecule

2.  antibody-proteins secreted by B cells; targets specific invader

3.  antigen receptor-recognize specific antigens; depend on genetic recomb b4 contact w/antigens

B.  Immune Responses

1.  clonal selection of lymphocytes and antigen cause division and differentiation

a.  effector cells-same as parent cell

b.  memory cells-can survive decades

2.  primary immune response-1st time body exposed to antigen; lag period to prod effector cells (10-17 days); symptoms of illness may occur here

a.  B cells prod plasma cells; T prod effector T cells

3.secondary immune response-subsequent infection w/same microbe; faster (2-7 days) and stronger response (immunological memory)

C.  Lymphocyte Dev

1.  dev beings in bone marrow (liver-fetus); B or T diff depend on area of maturation

a.  T-mature in thymus

b.  B-mature in red bone marrow

2.  immune tolerance

a.  antigens tested for self-reactivity; must be able to react to foreign antigens and recognize MHC, but not too strongly

3.  role of cell surface markers

a.  major histocompatibility complex (MHC)-cell surface glycoproteins; helps cells recognize self vs nonself; many diff alleles; only identical twins exactly the same

1)  polymorphism good b/c 

a)  ensures 1 infection won’t wipe out whole pop

b)  at least 1 molecule can present a fragment for a particular pathogen

2)  class I MHC-found on most nucleated cells

3)  class II MHC-specialized cells; macrophages, B cells, activated T cells

b.  antigenic presentation-pathogen phagocytized and attach to MHC molecule; “presented” on cell surface

1)  Tc-bind to cells displaying MHC I; usually self cells infected by viruses or cancer

2)  Th-bind to cells displaying MHC II; APC

4. 4 attributes of immune sys; specificity, diversity, memory, ability to distinguish self from nonself

III.  Immune Reponses

A.  Types

1.  humoral-B cell activation; prod of plasma and antibodies which circulate in fluids

2.  cell mediated-T cell activation; respond to cells infected by pathogens

3.  both sys work tog

B.  T Helper

1.  APC (macrophage) ingests pathogen; fragments of pathogen “presented” w/class II MHC on cell surface

2.  causes release of IL-1 from macrophage; acts on Th

3.  Th recog and binding enhanced by CD4 on Th

4. Th secretes IL-2; causes diff of Th into clones and memory Th; activates B (plasma-antibody) and Tc cells specific for the pathogen

C. Tc-can destroy intracellular parasites

1.  MHC I binds to peptides make by pathogen; carried to surface to be “presented”

2.  CD 8 in Tc binds to portion of MHC I; helps coupling

3.  after activated by IL-2 by Th; becomes active

4.  prod perforin which punches holes into target mem

5.  ions and water flow into target cell causing lysis

a.  deprives pathogen of place to reprod

b.  exposes it to circ antib

D.  Humoral Response; B cells

1.  T-dependent antigens-antigens that stim antib prod b/c activation of B cell by cytokines

2.  T independent antigens-polysaccc, identical polypeptides; repeating subunits

a.  binding to repeating subunits provides stimulus to gen antib secreting plasma cells; weaker response and no mem cells gen

3.  B cells as APC use receptor mediated endocytosis; can only present specific antigen to which the B cell binds

4.  antib structure and function

a.  can act on protein and polysacc, transplanted tissue, transfused blood cells, pollen (allergic rxn)

b.  antib binds w/specific portion of antigen-epitope (antigenic determinant); each antigen has several epitopes, so diff antib can bind to same pathogen

c.  Ig structure

1)  2 heavy chains

2)  2 light chains; both joined by disulfide bridges

3)  constant region-similar for each Ig class

4)  variable region-variations in aa seq; gives specificity in binding antigen

d.  monoclonal antib-combin of tumor infected cells and B cells specific for epitope; provides large pop of specific B cells; identical

e.  polyclonal-many diff clones

f.  classes of Ig; MADGE

1)  IgM-pentameter

a)  primary response

b)  agglutination rxn

2)  IgA-dimer

a)  prod by mucous mem and secretions; prevent attachment to epith surfaces

b)  present in colostrum (1st milk); protects infant from GI infection

3)  IgD-monomer

a)  found on surface of B cells; prob receptor to help initiate diff of B-plasma

4)  IgG-monomer

a)  most abundant

b)  crosses placenta

c)  secondary response

d)  protects against free circ pathogens

5)  IgE-monomer

a)  C region binds to basophil and mast cells; degranulation releases histamine; causes allergic rxn

b)parasitic worms

g.  antib-mediated disposal of antigen-PLAN

1)  P-precipitation-crosslinking soluble molecules (dissolved in fluids); can be phagocytized

2)  L-lysis by complement

a)  classical pathway-triggered by antib bound to antigen; humoral

i.  antigen-antib complex; complement binds to C region; triggers cascade which leads to formation of MAC (membrane attack complex); forms pores in target cell; water and ions enter cell, resulting in lysis

b)  alternative pathway-doesn’t involve antig; triggered by substances nat found on some pathogens

c)  both may be involved in inflammatory response, stim phagocytosis

d)  immune adherence-microbes coated w/antib and complement adhere to bv walls, making it easier for phagocytes to adhere to

3)  A-agglutination-clumping pathogen; can be phagocytized

4)  N-neutralization-antib binds and blocks bonding of pathogen; can be phagocytized

a)  opsonization-coating of antib which enhances phagocytosis

D.  Invertebrate Immune System

1.  ability to distinguish self from nonself seen in some org inc sponges; cells from 2 sponges of same sp sort and reaggregate

2.  some can dispose of nonself mainly by phagocytosis; sea stars have coelomocytes

3.  cytokines found in some; sea star colemocytes prod IL-1 which stim prolif and attraction of more coelomocytes

4.  innate, nonspecific defense rather than acquired, specific defense usually found

5.  some have lymphocyte like cells which prod antib-like molecules; insect prod hemolin; assist in microbe disposal; prob evol precursors to vert antib; show no diversity

6.  most don’t exhibit memory, but earthworms may have some

III.  Immunity in Health and Disease

A.  Achieving Immunity

1.  active immunity-recovering from disease

a.  naturally acquired active immunity-recovering from disease; chickenpox

b.  artificially acquired active immunity-vaccination (immunization); don’t cause disease but capable of prod immune response; secondary response

2.  passive immunity-transfer of antib; temporary

a.  naturally acquired passive immunity-mother to fetus (IgG); IgA from breastmilk

b.  artificially acquired passive immunity-antib from other person or animal as serum

B.  Transfusions and Transplants

1.  skin or tissue transplanted from another person stimulates rxn; pregnant woman doesn’t reject fetus

2.  blood groups and transfusion; if mis-matched blood give, causes agglutination rxn

a.  ABO blood groups-arise in response to bac w/similar structure

1)  type A-A antigens; anti B antibodies

2)  type B-B antigens; anti A antibodies

3)  type AB-A and B antigens; no antibodies

4)  type O- no antigens; anti A and anti B antibodies

b.  blood groups antigens are polysacc, induce T-indep responses which don’t elicit memory cells; gen IgM, not IgG; since IgM doesn’t cross placenta, won’t harm fetus

3.  Rh factor-IgG antib; if mom is Rh- and transplanted blood or 1st fetus is Rh+ (fetal blood crosses placenta), sensitizes cells forming antib to Rh; after subsequent exposure to transplanted blood or fetus (Rh+), crosses placenta causing agglutination rxn; to prevent, mother can be given anti Rh antib to eliminate Rh antigen b4 her sys responds

4.  tissue grafts and organ transplantation

a.  MHC responsible for rejections; 

b.  must match MHC; only identical twins have same match

c.  immunosuppresive drugs used to prevent rejection, but leaves host vulnerable to infections

d.  in bone marrow transplants, marrow from donor reacts w/recipients (his marrow irradiated)-graft versus host rxn

C.  Abnormal Immune Function

1.  allergies-exaggerated responses to allergens (antigens which cause allergic rxn)

a.  may be evol remnants of response to parasitic worms; similar to allergic response

b.  most common involve IgE

1)  plasma cells secrete IgE fro specific allergen; constant region binds to mast cells or basophils w/out binding to allergen; if same pathogen enters body, causes cross-linking of antib induces degranulation-release of histamine and other inflammatory chem.; causes vasodilation and inc permeability of bv; leads to typical allergic responses, sneezing, runny nose, etc

c.  may cause anaphylactic shock-widespread degranulation; results in drop of bp; epi can counteract

2.  autoimmune diseases-immune sys loses tolerance for self

a.  rheumatoid arthritis-damage/inflammation of cartilage and bone

b.  insulin dependent diabetes mellitus-beta cells (insulin) of pancreas destroyed

c.  multiple sclerosis-T cells react against myelin sheath (surround axons of neurons)

d.  thought that autoimmune sufferers had self reactive lymphocytes that escaped elim whereas healthy indiv did not have self reactive cells; now believed healthy people have self reactive cells, but they‘re prevented from reacting; autoimmunity may be a fault in immune reg

3.  immunodeficiencies

a.  SCID-severe combined immunodeficiency-both branches of immune sys fail; congenital

4.  healthy immune function depends on endoc and nervous sys; depression, stress, etc can affect immune function

C.  AIDS-acquired immune deficiency syndrome

1.  caused by HIV (human immunodeficiency virus)

2.  prob evolved from HIV-like virus in chimps in central Africa; appeared in humans 1915-1940; unrecognized then

3.  HIV 1-more widely distributed and more virulent than HIV 2

4.  infect cells w/CD4 receptors; mainly Th; some macrophages, brain cells, B cells

5.  entry req CD4 and fusin (CXCR4) on Th or CCR5 on macrophages; normally receptors for chemokines

6.  chemokines bind to receptors blocking HIV 1 entry; some people nat immune due to faulty co-receptor

7.  reverse transcriptase turns RNA-DNA, second strand transcribed, enters host cell genome in provirus form; direct syn of new viral particles or remains latent

8.  freq mutations so host may have diff HIV particles

9.  initial peak of virus, drops while anti HIV antib inc (appear 1-12 months after infection); viruses still multiply but remain latent in cells in lymph nodes; eventually Th prod less than destruction

a.  Th may die b/c infected by virus

b.  Th may die b/c inappropriate apoptosis

10.  usually about 10 yrs from infection to T cell depletion; moderate infections during this time

11.  Th counts good indicator of disease progression

12.  drugs-protease inhibitors-prevent a step in HIV sys, reverse transcriptase inhibitors, fusin inhibitors, etc

13.  transmission req transfer of body fluids-semen, blood, mother-fetus (fetal dev or nursing)

14.  transmission among homosexuals more prevelant in US, but hetero numbers inc; in other countries, hetero more common

15.  70% cases in sub Saharan Africa

16.best approach to slow spread-education-sterile needles, condoms

