Innate Immunity (Principles, Patterns, Receptor Signaling)        L2/p.1
Innate Immunity-prepared to mount a fast, stereotyped defense against attack (rapid, general)
Adaptive Immunuity-specific, learned, response to a specific attack (slower, specific)
Need efficiency, and accuracy, (prevent self destruction), quick initiation, in dealing with pathogens

Inflamation-fundamental host response to injury


       -sends activated immune cells to site, sequesters pathogens, limits damage, initiates repair

Calor = Heat

Dalor = Pain

Rubor = Redness

Tumor = Swelling

-due to inflammatory mediators effect on microvasculature at injury or infection site.

INNATE V. ADAPTIVE IMMUNITY

Innate Immune Response- preexisting ability to recognize broad structural patterns as foreign



-Cells (mac/neut/NKC) use germline encoded receptors to recognize patterns.



-Various weapons to kill general classes of pathogens



- Release mediators to induce adaptive immune system
Adaptive Im. Response- learned ability after initial exposure to rec. precise molecular structures as foreign.



-Cells (B/T) use receptors  rearranged in devt  to rec. specific antigens from specific path.



-Activated AI cells respond to kill specific antigens.



-clonal distribution- delay until the cell with the right receptor reaches site of infection.

Some Disadvantages of AI

1. Expansion/Differentiation recquired   (   Allows pathogen time to proliferate

2. Somatically generated diversity          (   Receptors not inherited

3. Random specificity (some anti-self)   (    Need context to Id self vs. nonself

Innate IS evolved first (older jawless fish “lamprey” have no AI system

COMPONENTS OF THE INNATE I.S.  (Barrier Functions/Rec of Path Structures/Effector Mechanisms)

A. BARRIER FXNS
-skin, airway, GI tract, genitourinary tract = potential sites for pathogen entry

-Primary Defense = epithelial cell layer joined by tight junctions

    -secrete defensins (small +ve antimicrobial peptides) bind to acidic mol in bacterial cell walls (disrupt memb)

SKIN-largest and most exposed epithelia

          -thickness and dry surface prevent colonizartion

MUCUOSAL SURFACES- mucus layer decreases pathogen adhesion (antibacterial peptides)
  -provides constant flow to limit pathogen exposure time (don’t have time to divide)

LUNGS- movt by mucus by cilia (pathogens don’t have time to divide)

Normal Flora (bacteria) in skin and gut also help.
B. RECOGNITION OF PATHOGENIC STRUCTURES- limited set of structural motifs


Effector Mechanisms 1. Inflammationn




        2. Acute Phase Response




       3. Opsonization




      4. Phagocytsis




     5. Sounding the alarm-cytokine signals

SEE NEXT LECTURE
        











L2/p.2
PAMPs and PRRs
A.  PAMPs (Pathogen Associated Molecular Patterns) –on viruses, fungi, and bacteria

                   Examples

1. LPS – on bacterial wall of Gram negative rod shaped bacteria
2. Bacterial DNA- sequence CpG 
3. N-formyl methionine-first AA of bacteria

4. dsRNA of viruses
5. Yeast cell wall structural units
PAMP Properties

1. Expressed by pathogens and not by host (primary requirement)
2. Structurally Invarient (b/c bacteria/viruses mutate easily)

3. Required for Survival or Pathogenicity
4. Usually polysaccharides or polynucleotides (not proteins)

5. Repeating Structural motif
Best Known PAMP example is LPS (gram negative cell walls)
-lipid portion (in bacterial cell membrane)  -core polysaccharide  -repeating terminal sugar residues

-although structurally heterogeneous some invariant parts 

-repeating polysaccharide motif, necessary for survival
B. PRRs (Pattern Recognition Receptors)-on immune system 

-germline encoded, not rearranged

-extracellular proteins, signaling receptors, endocytic receptors (independent evolution)

-PAMP of a pathogen binds/activates PRP of macrophage(activates innate immune response


1.Extracellular PRRS

   Fxns:   (1) opsonization = alteration of foreign target cell to promote phagocytosis


  (2) activation of complement cascade

(a) CPR (C-Reactive Protein) (opsonization?)
-acute phase response(production and secretion of proteins involved in immune activation and wound healing

                                       from the liver into circulation.

-serum marker of inflammation (depends on length of insult)
-binds to phosphocholine on bacterial cell walls

(b) MBL (Mannan binding lectin)
-acute phase response protein made in liver

-binds mannose residues (fucose) on yeast and bacterial cell walls through several clusters of carb rec domain.
-sugars on mammalian cell surface but have different spacing of binding domains

-grouping of binding domains on bacterial cell walls increase affinity/avidity)

(c) Mindin
-extracellular, but insoluble

-after secreation associated with ECM

-bind and opsonize bacteria (agglutinates bacteria and binds LPS)
-KO mice have impaired macrophage uptake of bacteria and impaired clearance of bacterial lung infections


Not all bacteria.  But resistant to septic shock b/c of lack of recognition
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2. Endocytic PRRs
-expressed on professional phagocytes (macrophages/neutraphiles) no evidence of signaling domains 









    but probably some signaling

(a) MMR (Macrophage mannose receptor)

-expressed on macrophages and dendritic cells

-binds bacterial and fungal mannose containing polysaccharides

-after binding, responsible for internalization of pathogen, later destruction in lysosome (unlike MBL)

R-type lectin receptor on subset of mac oligosachharides, so if released with antigen, receptor will bring back to APC(example of innate system instructing adaptive of a new invader


3. Signaling PRRs

-sense presence of PAMPS and act as switches fro downstream functions in innate and adaptive immunity
(a) TLRs (Toll-like receptors) cell surface signaling  ( most important PRR family

-10 different TLR genes with distinct but overlapping specificity
TLR structure

-Transmembran proteins with multiple LRR (leucine rich repeats)

-Intracellular domains has TIR? signaling domain
Janeway: Isolated TLR4 and when ligated(activation of immune related genes

Most pathogens detected by one or more TLR
TLR1 and TLR2/6 dimer ( glycolipid like molecule on pathogens

TLR3   (  dsRNA (virally infected cells)

TLR4   ( LPS (gram negative bacteria)

TLR5   ( flagellin (bacterial motor protein and virulence factor

TLR9   ( CpG dinucleotied in bacterial DNA


(unmethylated prokaryotic DNA

Recognition and signaling through TLR-4 (note:b/c LPS is HphB it uses a carrier protein
-downstream target is NFқB (transcription factor for immune related genes)



-normally in cytoplasm bound to IқB (inhibitor)




-needs to be freed and sent to nucleus
1. LPS (tlr4 ligand) binds LBP (carrier protein in serum)
2. Carreis LPS to CD14 (initial receptor on macrophage surface but doesn’t send signal)

3. LPS/CD14 binds/activates TLR4

4. Cytoplasmic domain of TLR4 binds MYD88 which recruites IRAK

5. Phosporylation of IkB releases NFkB (IkB degraded)

6. NFkB goes to nucleus and activates many immune response signals.
(b) TLRs and NODs (intracellular signaling PRR)

-TLR4 can be in the endosomal compartment to detect pathogens that enter through endosomal system


Ex: Listeria monocytogenes/Mycobacterium TB/Leishmania

NOD PROTEINS (NOD2 and NOD2)
-expressed in cytoplasmic compartment

-recognize peptidoglycans (bacterial cell walls-especially gram +ve)

-Lead to activation of NFkB (independent of TLR4 pathway/details unkown)

Notes:Not all Nods are PRR     Structure: Nterm EBD     Central NOD          Cterm LRD

         Nod2 binds MDP (good adjuvant)-link to adaptive immunity

        MDP and TLRs are synergistic (thus TLRs and NODs use independent signaling pathways)
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INNATE IMMUNITY AND HUMAN DISEASE

1. NOD2 and Crohn’s Disease

-frameshift mutation in NOD2 gene(truncated NOD2(cant activate NFkB in response to ligands (LPS)

-inflammatory disorder of distal bowel (not clear why not immune deficient rather than hyperactive)

2. TLR-7 and Imiquimod (Aldara)-topical HPV Rx 
-increase cytokines (IF-α) by stimulating macrophages through TLR7 and MyD88

-TLR-7 deficient mice(no immunostimulation

-many other drugs activate TLR7 although still unknown which PAMPS are recognized

-manipulation of PRRs can have clinically relevant immunomodulatory effects.

3. Acute phase response and Type 2 Diabetes

type 2  diabetics have high levels of- circulating acute phase reactants (CRP, serum amloid A)

                                                         -IL-6, TNF-α (cytokine markers of chronic inflammation)






 TNF-α (activate phag cells)-clear infection/create memory
-Mech of drugs salicylates /statins suggest role for chronic inflammation in disease pathogenesis

4. LPS and Sepsis (Septic Shock)

-bacterial breakdown triggers release of inflammatory mediators, decrease BP, respiratory failure

-TLR4 KO resistant to shock (mechanism shows multiple points of pharmacological intervention)

Central production of TNF-α

Liver(release everywhere (vasodilation (lower BP (increase fluid loss from vessel to tissue (
lower BP again (death

Polymorphism
Polymorphism Asp299Gly predisposes humans to bacterial infections
Some mutations decrease airway responsiveness to LPS challenge (associated with asthma)





SUMMARY 

  see page 24
