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2.  3 lines of defense

· Barriers to entry

· Inflammatory response

· Adaptive immunity

· 1 & 2 are non-specific (innate)

· 3 is specific (inducible)

3. Barrier to entry

· Provided by epidermis and mucosae

· Physical or mechanical barrier

· Secretions

· Normal flora

4. Physical barrier

· Multiple layers of cells

· Tight junctions & desmosomes connect epithelial cells together

· Epithelial cells constantly slough away

5. Epidermis

see Figure 5.2
6. Secretions

· Mucous (goblet cells produce mucin)

· Sticky, removed by action of cilia 

· Acidic secretions

· Gastric fluid, sweat (acid mantle of skin)

· Bacteriocidal secretions:

· Lysozyme (tears & saliva)

· Antibacterial lipids (sebum)

· Antibacterial peptides (defensins in mucous)

7. Normal flora

· Compete for nutrients and colonization sites

8. Inflammatory response

· In response to penetration of physical barriers

· Injury or infection

· 4 classic signs

· Swelling, redness, heat, pain

9. Inflammatory response

· Inflammatory mediators released due to injury or infection

· Increase vasodilation and capillary permeability

· Increases blood flow to area and increases leakage of fluid into interstitial spaces

· Functions to:

· Dilute bacteria and toxins

· Increase nutrients & O2 to fight infection and repair damaged tissue

· Increase clotting proteins to make fibrin mesh to isolate damaged area

10. Inflammatory response

· Two components: chemical & cellular

· The chemical component

· Cytokines, prostaglandins, histamine, kinins

· Interferons

· Complement 

· The cellular component

· Phagocytes

· Natural killer cells

11. Inflammation: chemical

· Cytokines: produced by mucosal or immune cells that are injured or have encountered foreign organisms

· First produced: 

· Interleukin-1 (IL-1), tumor necrosis factor-α (TNF-α)

· Very potent pro-inflammatory cytokines

· Both activate cyclooxygenase in other cells

12. Cyclooxygenase 

13. Inflammation: chemical

· Prostaglandins

· Promote vasodilation and capillary permeability

· Stimulate pain nerves

14. Cyclooxygenase
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15. Inflammation: chemical

· Histamine

· An amino acid produced by mast cells and basophils

· Stored in secretory vesicles (granules)

· Released upon encounter with foreign molecules

· Potently increase vasodilation and capillary permeability

16. Inflammation: chemical

· Kinins

· Derived from the plasma protein kininogen

· Cleaved by kallikrein

· Increase vasodilation and capillary permeability

· Chemotactic factor for phagocytes

· Along with other interleukins

17. Inflammation: chemical

· Interferons 

· Produced by virus-infected cells

· Inhibit protein synthesis in nearby cells

· Activate macrophages

· Recruit natural killer cells

18. Interferon 

Figure 21.4
19. Inflammation: chemical

· Complement: a group of plasma proteins that:

· Promote inflammation

· Enhance phagocytosis by attaching to bacteria 

· Opsonization 

· Assemble into a pore-forming complex in bacterial membranes

20. Complement activation

Figure 21.5
21. Phagocyte chemotaxis

Figure 21.3
22. Inflammation: cellular

· Phagoctyes

· Neutrophils (PMNs)

· Monocytes - mature into macrophages

· Tissue-resident macrophages

· Langerhans cells, Kupfer cells, microglia

23. Phagocytosis 
Figure 21.1
24. Bacterial killing

· Oxygen-dependent

· Production reactive oxygen species (ROS)

· Respiratory burst

· Oxygen-independent

· Hydrolytic enzymes

· Defensins  (antimicrobial proteins)

· Binding proteins

· To sequester iron, vitamins

25. Reactive oxygen species

· Hydrogen peroxide:  H2O2

· Hypochlorous ion:  -OCl
· Superoxide:  O2.-

· Hydroxyl radical:  -OH

26. Inflammation: cellular

· Natural killer cells

· Lymphocytes that recognize tumor cells or virus-infected cells

· Release perforin

· Cytolytic chemicals that open holes in membranes

· Also release pro-inflammatory chemicals

27. Inflammation: chemical

· Some interleukins produce systemic responses

· Act as pyrogens

· Stimulate hypothalamus to raise the body temperature set point = fever

· Stimulate the liver to produce acute phase proteins (increase 1000x)

· C-reactive protein (CRP)

· Increases opsonization by complement

28. Adaptive immunity

· 3 characterisitics:

· Specific

· Systemic

· Memory 

· 2 components:

· Humoral

· B-lymphocytes

· Cellular 

· T-lymphocytes

29. Antigens

· Unique foreign molecules that are large and structurally complex 

· May be proteins, carbohydrates, or lipids

· They “stand out” and are recognized by immune cells

· B-cells bind antigens with receptors called immunoglobulins

· Antibodies 

· Membrane-bound & secreted

· T-cells bind antigens with their T-cell receptor

30. Antigens

Figure 21.6
· A single antigen may possess multiple recognizable sites: antigenic determinants

31. Incomplete antigens: haptens

· Small molecules may not be recognized 

· May link to host proteins and then be recognized

· Typical of allergies

32. Humoral immune response

· B-lymphocytes mature in bone marrow and/or blood

· They begin to express a single type of immunoglobulin on their surface 

· 1000’s of identical copies 

· All specific for a single antigenic determinant

· “immunocompetant”

· Can now recognize and bind Ag

33. Humoral immune response

· B-cell encounters antigen usually in a lymph node or lymphoid organ

· Immunoglobulins on surface bind Ag

· Receptors crosslink and are endocytosed

· B-cell becomes “activated” leading to….

· Clonal selection

· Multiple rounds of replication to produce many clones of the B-cell

· All clones possess the same immunoglobulin

· Cells mature to plasma cells: secrete antibody

34. Clonal selection
Figure 21.9
35. Clonal selection

· Some cells do not produce antibodies

· They remain in the blood as memory cells

· Re-exposure to the same antigen elicits a secondary immune response

· It takes hours to initiate and lasts much longer

36. Clonal selection
Figure 21.9
37. Primary vs. Secondary
Figure 21.10
38. Immunoglobulin (antibody)
Figure 21.12
39. Immunoglobulin classes

Table 21.3
· Determined by C region of heavy chain

· IgD: B-cell receptor for antigen

· IgM: 1st released by plasma cells

· IgG: 2nd released & most abundant

· IgA: in secretions: saliva, sweat, milk

· IgE: links to mast cells

40. Immunoglobulin action

Figure 21.13
41. Cell-mediated immune response

· T-cells mature in the thymus

· They begin to express a single type of T-cell receptor on their surface 

· 1000’s of identical copies 

· All specific for a single antigenic determinant

· “immunocompetant”

· Can now recognize and bind Ag

· Require antigen to be “presented” by antigen presenting cells (APCs)

42. Antigen presenting cells

· Macrophages (circulating and tissue-resident), B-cells, & dendritic cells

· Typically these are the first cells to encounter an invading organism

· All are phagocytic

43. Antigen presentation
Figure 21.15
44. MHC

· Major histocompatibility complex

· Membrane-bound glycoproteins

· “Self” antigens: unique to each person

· Class I: expressed by all body cells

· Class II: expressed by immune cells

· Responsible for rejection of transplanted organs

· Graft vs. host reaction

45. Antigen presentation
handout
· Antigens also presented by virus- infected cells

46. Antigen presentation
Figure 21.15
47. T-lymphocytes

· Only recognize antigen displayed with MHC

· MHC restriction

· Two major types of T-lymphocytes

· Helper T cells (TH, T4, or CD4 cells)

· Recognize Ag + Class II MHC

· Cytotoxic T cells (TC, T8, CD8, or killer T cells)

· Recognize Ag + Class I MHC

48. MHC restriction

Figure 21.16
49. T-cell activation

Figure 21.17
· Antigen binding

· Co-stimulation by cytokines

50. Cytotoxic T-cells

Figure 21.18
51. Primary immune response

Figure 21.19
52. Suppressor T-cells

· Release inhibitory cytokines

· Probably responsible for “turning off” the immune response after infection is under control

53. Transplanted tissues (grafts)

· Autografts: from self (same MHC)

· Isografts: from genetic identical (same MHC)

· Allograft: from different person (dif. MHC)

· Xenograft: from non-human (dif. MHC)

54. Graft vs. host reaction

· TC recognize foreign MHC I

· Administer immunosuppresants to prevent rejection

55. Immunodeficiencies

· Acquired immune deficiency syndrome (AIDS)

· Caused by human immunodeficiency virus (HIV)

· Attacks TH by binding CD4 on surface

56. HIV replication
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57. Autoimmune diseases

· Due to the production of self-reactive Ab

· Recognition of self?

· Autoreactive B-cells and T-cells are eliminated by apoptosis during maturation

58. Autoimmune diseases

· Type I diabetes: β-cells of pancreas

· Myasthenia gravis: Ach receptor

· Rheumatoid arthritis: connective tissue of joint

· Systemic lupus erythamatosus: heart, kidneys...

· Graves’ disease: TSH receptor of thyroid

· Multiple sclerosis: myelin

59. Hypersensitivity reactions

Figure 21.20
60. Immediate hypersensitivity

· Anaphylaxis

· A systemic allergic reaction

· Anaphylactic shock

61. Anaphylactic shock

· Massive vasodilation and increase in capillary permeability

· Circulatory shock due to blood loss

· Extreme bronchoconstriction

· Decreases air flow and impairs gas exchange

· Death can occur in minutes

· Treat with injection of epinephrine

62. Delayed hypersensitivity

· Allergic contact dermatitis

· Foreign molecules manage to enter skin

· Haptens: too small to be recognized

· Attach to proteins and elicit T-cell response

· Inflammatory response and tissue damage
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