



INFLAMMATION I
 (PATH 3)



Dr. Dumler

Inflammation = response of vascularized tissues to local forms of injury (Tumor, Rubor, Calor, Dolor)
            = adaptation to remove injurious agents and initiate immunity and repair
ACUTE INFLAMMATION (1st 24-48 hours: Characterized by Neutrophils)

Triggers of Inflammation: Trauma, Ischemia, Neoplasm, Infectious agents, Foreign Mat,Immune Response
∆ in Flow and Caliber of Vessels: 


Transient Vasonst(Prolonged Vasodil.(Circulation Slows(Leuk. Margination and Diapedesis(chemotaxis
∆  in Vascular Permeability

1) Immediate Transient Edema (ex: scratch)

2) Immediate Sustained Edema ( Vasodilation and edema swelling later (ex: cut)

3) Delayed Response (Greater initial injury and prolonged effect)

Mediators of Vascular Permeability

-Vasoactive substances derived from plasma and from tissues
-Histamine, Serotonin,

-Fibrinopeptides and Fibrin Degradation Products

-Bradykinins, C3a, C5a, Lipid mediators (arachodinic acid metonolites ex: Leukotriens, Prostaglandins

Triple Response of Lewis = histamine mediated rapid vascular response to injury

1)Transient vasoconstiriction    2) Wheal = fluid leakage   3)Flare = vasodilation


Endothelial Retraction: ( Vascular leakage ( Edema (spaces allows things out of blood vessels)


Transudate (protein poor) vs. Exudate (protein rich)

-Inflammation ( IV protein loss ( ↑Vascular Permeability ( ↓ Oncotic Pressure ( Tissue Edema


1st Responders = Neutrophils


-then Monocytes and Lymphocytes (more a function of adaptive immunity)

-finally fibroblasts and endothelial cells for repair (fibrinogen to fibrin followed by glycogen)

Example of Acute Inflammation = Appendicitis

Characterization:  Edema fluid separating muscle fibers




    Neutrophils w/multiple blue nuclei infiltrate

INFLAMMATORY CELLS MIGRATION

Cytokine Cascades in Inflammation (ex: TNF, IL-1, IL-6)


-biologically active molecules that act synergisticly and lead to chemotaxis-


-release stimulated by LPS (Gram-ve bac.)but response mimicked by putting appropriate mediator (ex: TNF)


-chemokines are released, taken up by endothelial cells and tell leukocytes where to go (interact w/receptors)

-some chemokines derived from leukocytes, Mφ etc and have a diverse interplay 


Cellular Events in Inflammation
1) Circulating Leukocytes sample endothelial surface

2) Endothelial cell surface ∆ (sticky)  chemotactic agents draw leukocytes to sites of inflammation

3) Margination (loose + tight and binding) thru ↑ ICAM on endothelial cells
4) Diapedesis = inflammatory cells migrate through endo. cell spaces in BM

5) Chemotaxis = movt of inf. Cells along chemical gradient to its source
 Circulating Leukocytes crawl,  (Selectins = mediate loose binding, reversible -B2 integrins/Ig family = tight 
BLOOD CELLS INVOLVED IN INFLAMMATION

1) Mature Segmented Neutrophil : (PMN) most important early cells (multiple nuclei)

(4 secretory granules in Neutrophiles w/different protein mediators
2) Immature BAND Neutrophils:  Know that still infilitration (horseshow nuclei)

3) Eosinophil (red): Minor Amount, allergies and parasitic infection

4)Basophil (blue) and mast cells: Minor amount, allergic hypersensitivity (ex: acne

5) Lymphocytes = leads to immunity (large nucleus w/thin cytoplasmic rim)


T-Lymphocytes (helper, cytotoxic and natural killer)




Note: NK cells come in early and produce proinflammatory cytokines and lyse target cells


B-Lymphocytes/Plasma Cells = produce antibodies

6) Monocytes = i)phagocytic ability (large nucleus w/more cytoplasm)



ii)APC to induce immune response


iii)Source of pro-inflammatory cytokines

Acute Inflammation = Neutrophils
Chronic Inflammation (>48 hrs)= Monocytes, Mφ, and Lymphocytes

Platelets = for vascular integrity and maintenance of flow


  =ADP, serotonin, Coagulation proteins (ex: fibrinogen), Platelet Derived Growth Factor

PHAGOCYTOSIS

1) Opsonophagocytosis = coating to mark foreign material for phags. (w/ Fc and Complement Receptors)

       Non-opsonic Phagocytosis = PAMPs 

-Mannose, Formyl Peptide 
-Toll-like receptors recognize PAMPS (TLR1,6 see bacterial lipopeptides:  TLR 4 see LPS


(IC signaling( NFKb ( Nucleus( Activate genes for TNF, IL-1

2) Engagement of Phagocyte surface receptors leads to Ca mediated internalization

3) Phagosome fuses w/lysosomes and secretory vacuoles 

(Note: If vacuoles and not sealed off, proteolytic enzymes can leak and damage host)

       

           Also some pathogens like parasites are too big to be engulfed, so only use enzymes

Neutrophils Produce Microbicidal Free Radicals and Nitric Oxide

1)NADPH Oxidase ( O2 radicals in Vacuoles ( Kill Bacteria 

                                                                 +  H ( H2O2 + MPO( more O2 radicals 

                                                                                         +catalase ( Cl- ions (bleach

2)iNOS ( Nitric Oxide= tumorcidal, antimicrobial, signaling and immune regulation, tissue destruction, cytoxicity
3) ( Peroxinitrate ??
SOLUBLE MEDIATORS

-Inflammation needs cooperation of cells and soluble mediators (some derived from leuk, plasma or other clls

-Vasoactive Amines

-Plasma Proteases (Kinin System, Coagulation System, Complement)

-Arachidonic Acid 
-Platelet Activating Factor (AGEPC)

-Cytokines/Chemokines

Clotting Cascade needed for chemotaxis and vasodilation (crosslinking)

FXII mediates complement and Kinin System

COMPLEMENT CASCADE can lyse cells, helps w/chemotaxis, and vasodilation

-several pathways for activation but not covered

THE KININ SYSTEM ( Dolor 

(Vascular smooth m relaxation, pain, ↑BV permeability leading to edema, pain

( Interaction w/clotting, fibrinolytic, and complement cascade

Arachidonic Acid Products as inflammatory mediators

Cyclooxygenas: (Vasodilators, PGI2, PGE2;   Vasoconstirctors: Thromboxane)

Lipoxygenase: (Leukotrienes) some for chemotaxis, adhesion, activation, bronchoconstriction and vasodilation

Inhibiting above enzymes important for pharmacology

IF INFLAMMATORY RESPONSE GETS OUT OF CONTROL 

Get   SEPTIC SHOCK  (SYSTEMIC Inflammatory Response System)


( Bleeding, Fever, Vasodilation, Cap Leak( inf. mediators released( Sepsis and multiple organ failure

Sepsis is mediated by TNF and other cytokines

INFLAMMATION DEFINITIONS
1) Edema = accumulation of extravascular fluid

2) Effusion = accumulation of fluid in a body cavity (ex: peritoneum, pleura)

3) Transudate = edema fluid w/low protein content (s.g. <1.015)



4) Exudate = edema fluid w/high protein content, often w.inflammatory cells

i) Serous Exudate = lacks large # of inflammatory cells (pale yellow)

ii) Serosanguinous = contains erythrocytes (red)

iii) Fibrinous exudates = lots of fibrin after coagulation of clotting factors (ex: bronchial pneumonia)

iv) Purulent exudates = lots of inf. cells (seen w.bacterial infections, meningitis, liver abscess)

v) Suppurative Inflammation = Purulunt exudates accompanied by liquifactive necrosis “PUS”
Ulcers = inflammatory response on mucus or skin surface (may see blue from degraded or inflammatory cells

Pseudomembranous Inflammation = looks like bumps on membrane but really inflammatory cells
INFLAMMATION II: CHRONIC INFLAMMATION

-Note that sometimes acute information is skipped and it goes straight to chronic (etc: virus infection)

-After inflammation you can get resolution, scarring, abscess formation or chronic information

Resolution = injury and inflammation subside leaving normal tissue

Reconstitution = differentiated cells replaced by new cells of the same time w/preserved architecture

Regeneration = same as resolution, but resultant tissue architecture is weird (ex: Scar)

*Chronic inflammation has a slower onset and longer course and is characterized by Lymphocytes, Macrophages, Plasma Cells, Fibroblasts & Vessels, and some eosinophils (for allergic rxn or parasites)*

*Caused by Acute Inf, Persistent INf. Stimulus, IC microorganisms, Non-degradable foreign matter, or autoimmunity*

Mononuclear Phagocytes involved in secreation, proteases, chemotaxis, Arachidonic Acid, Oxygen Radicals, Coagulation Factors, GF, Cytokines , Interfereons and Platelet activating factor

-Found in the liver (Kupfrer cells), Brain Microglia, Serosa, Lymph nodes etc


-Phagocytic


-Participates in induction of immune rxn as APC


-Source of inflammatory cytokines


-Have receptors for Inflammatory Mediators   i) Toll-like receptors (for PAMPS)







         ii) Ig, Complement, and Cytokine receptors

*Macrophages can be stimulated by antigen specific or nonspecific means, and they can then secrete products








Ex: Chemokines to recruit specific cells




M1 Mφ = involved in inflammatory reaction

M2 Mφ = Regulatory for wound repair
LYMPHOCYTES AND PLASMA CELLS
	Cell Type
	Recognition
	Secretion
	Job

	Helper T Cells
	Antigen Specific (AI)
	Cytokines
	Immune Induction and Regulation

	Cytotoxic T Cells
	  “”
	“”
	Direct Cell Lysis

	Natural Killer Cells
	PAMPS (II)
	“"
	  “ “

	Gamma Delta T Cells
	                                        Granuloma Feature

	B Cells/Plasma Cells
	Antigen Specific (AI)
	Antibody
	


Under the Scope:
Plasma Cells (nucleus pushed to one side w/clockwise nucleus face


             Lymphocytes (Dark nuclei w/rim of cytoplasm




Macrophages (longer dense kidney bean shaped nucleus)




Giant Cells: aggregate of Mφ dark pin w/nuclei dispersed  (ex: TB)





         If nuclei in the periphery then Langerhall Cell

Neutrophils (multi lobed nucleus) More a function of acute inflammation

GRANULOMAS AND GRANULAMTOUS INFLAMMATION

-Can be caused by infection or foreign body that cant be eliminated (artificial)
- Involves T-cell immunity and Chemokines/TNF/IL-6   recruitment of Mφ and lymphocytes which organize into a cluster, then you get fibrosis and disruption of tissue architecture (organism is contained by not fully killed)

( Initially nonspecific but then develops specific adaptive immunity to control cellular and tissue injury

Scope:  See Infliltrating Rim of Lymphocytes around follicle
1) Epitheliod Histocytes = Secretory Mφ (larger w/flattened nucleus and pink cytoplasm)
2) Fibroblasts and Wound Hearing = Produce collagen and EC matrix proteins (pink)
Characteristics of Granulation Tissue: include capillary proliferation, fibroblast and myofibroblast proliferation, collagen deposition, and debris removal by macrophages., also edema

GETTING TERMINOLOGY STRAIGHT
Granulation  = process of healing and repair
Granuloma = organized round structure = inflammatory process characterized by histocytes
Granulomatous Inflammation = not as organized

SCAR TISSUE can result after inflammation (ex: keloids = hypertrophic scar w/dense collagen bands

-Recurring Damage and Repair of the deliver can lead to Cirrhosis (fibrosis) [looks blue under the scope]
