Outline of Lecture 06 (11-04 B; Lowenstein)

Phagocytic Cells, Innate Immunity, and Host Defense

***

Innate Immunity: Definition, Activation, Receptors

I.  Innate versus Adaptive Immunity


Rehash from previous lectures

II.  Activation of Innate Immune Response: PAMPs and PRRs


- General invariant features of pathogen surfaces are recognized (Pathogen Assoc. Molecular Patterns, PAMPs) by a limited set of fixed receptors (Pattern Recognition Receptors, PRRs)

III.  Toll Like Receptors


- TLRs are PRRs, originally discovered as dToll and 18-Wheeler in Drosophila


- In humans, 9 types of TLRs recognize PAMPs and activate innate immune response

***

Cells of Innate Immunity:  Differentiation, Activation, Migration

IV.  There are 3 Effector Cells of the Innate Immune System


1)  Neutrophils:  short lived phagocytes, kill


2)  Macrophages:  long lived phagocytes, kill, involved in inflammation, remodeling


3)  Natural Killer (NK):  Kill viral infected cells that lack MHC I


- Metchnikoff first observed phagocytic cells in late 1800’s

V.  Differentation of Neutrophils and Macrophages


A)  Pluripotent hematopoietic stem cell gives rise to: 1) neurons, 2) endothelium, 3) erythroids, 4) megakaryocytes, 5) myeloids, 6) lymphoids


B)  Neutrophils



PHSC ( myeloblast ( promyelocyte ( myelocyte ( metamyelocyte ( neutrophil



Two types of granules: primary/azurophil and secondary/specific



Signals (IL-1, TNF-(, G-CSF, GM-CSF) stimulate neutrophil production



Increased immature neutrophils in circulation is sign of infection/inflammation


C)  Macrophages



Promonocytes ( monocytes ( macrophages



Signals (IL-3, M-CSF, GM-CSF) stimulate monocyte production



Monocytes in circulation enter tissues and differentation into macrophages

VI.  Macrophage Activation


A)  Macrophages may be activated through PRRs; activated cells phagocytose pathogens and actively kill them (e.g. ROS, NO)


B)  Adaptive and innate immune system interact



- macrophages are APCs that can activate T cells



- interferons produced by T cells can activate macrophages



- together this raises level of macrophage activation to fight pathogen

VII.  Neutrophil accumulation at sites of infection


1)  Rolling adhesion: by E-, L-, P-selectins


2)  Tight binding:  mediated by LFA-1 and ICAM’s; activation by cytokines increases levels of these mediators and promotes attachment


3)  Diapedesis:  migration through endothelial cells


4)  Migration: via chemotaxis in response to C5a, N-fMet (a PAMP), chemokines, lipid-derived factors


- Macrophages arrive later

VIII.  Phagocytosis, Especially As Mediated by Fc(R on Neutrophils and Macrophages


- Fc(R (three classes) on neutrophils and macrophages; Fc(R on mast cells and basophils


- Receptors have varying affinity for IgG, a result of structural differences


- Phagocytosis involves Ab bound to leukocyte, which binds antigenic pathogen; or, direct binding of Ab-coated pathogen with displacement of Ab bound to leukocyte


- Attachment can be opsonin dependent or independent; internalization then happens through a zipper mechanism


- Signal transduction and effector function depends on differences in cytoplasmic portion of Fc(R


- Activating Fc(R are cytoplasmically associated with ITAM; inactivating are not


- Complement receptors also trigger phagocytosis in an activated state


- Fc activated phagocytosis leads to oxidative killing, but complement does not

IX.  Intracellular Killing by Reactive Oxygen Species (ROS)


- NADPH oxidase, a special electron transport chain containing flavocytochromes, produces ROS


- Production of superoxide, hydrogen peroxide, and HOCl (via MPO) are toxic to bacteria


- The process in obviously aerobic; O2 consumption by neutrophils leaps


- Macrophages can also kill with NO (produced by NOS) when activated by IFN-( or LPS 

X.  Cytokine production of macrophages


- Important cytokines produced by macrophages: IL-1, IL-6, TNF-(

- Results in acute response, e.g. inflammation, fever, activation of endothelial cells

